ABSTRACT. We report two children who presented with hypoglycemia and metabolic acidosis in whom acetoacetylCoA thiolase (EC 2.3.1.9) measured in fibroblast homogenates was deficient. Deficiency of this enzyme is normally associated with urinary excretion of 2-methylacetoacetate and in one child the urinary excretion of Z-methylacetoacetate, 2-methyl-3-hydroxybutyrate, and tiglylglycine was raised. By contrast, in the other child, the urinary excretion of these metabolites was very low even during ketoacidosis and following an isoleucine load. We suggest that this could be due to deficiency of the extrahepatic isoenzyme, a defect that may be responsible for some of the cases of "ketotic hypoglycemia." (Pediatr Res 21: 211-213, 1987) Abbreviations ZMAA, 2-methylacetoacetate ZMOHB, 2-methyl-3-hydroxybutyrate TG, tiglylglycine GC-MS, gas chromatography-mass spectrometry Deficiency of the enzyme ,B-ketothiolase has been postulated in a number of patients who presented with metabolic acidosis (McKusick 20375). In all cases (1) the diagnosis initially was suspected because of the presence of urinary metabolites derived from the breakdown of isoleucine, i.e. 2MOHB, 2MAA, and TG. During episodes of ketoacidosis there usually is markedly increased excretion of these metabolites, and these can still be detected in the urine while the patients are well. The enzyme responsible for the cleavage of 2MAA is the mitochondria1 thiolase (EC 2.3.1.9) which has a high specificity for acetoacetylCoA and 2-methylacetoacetyl-CoA and is activated by potassium ions (1,2). This enzyme also is necessary for utilization of ketone bodies which are responsible for cleaving acetoacetyl CoA to form acetyl CoA in extrahepatic tissues (3).
Deficiency of the enzyme ,B-ketothiolase has been postulated in a number of patients who presented with metabolic acidosis (McKusick 20375) . In all cases (1) the diagnosis initially was suspected because of the presence of urinary metabolites derived from the breakdown of isoleucine, i.e. 2MOHB, 2MAA, and TG. During episodes of ketoacidosis there usually is markedly increased excretion of these metabolites, and these can still be detected in the urine while the patients are well. The enzyme responsible for the cleavage of 2MAA is the mitochondria1 thiolase (EC 2.3.1.9) which has a high specificity for acetoacetylCoA and 2-methylacetoacetyl-CoA and is activated by potassium ions (1, 2) . This enzyme also is necessary for utilization of ketone bodies which are responsible for cleaving acetoacetyl CoA to form acetyl CoA in extrahepatic tissues (3).
We describe two children who presented with hypoglycemia and metabolic acidosis, in whom the activity of potassiumactivated acetoacetyl CoA thiolase was found to be deficient. In one child the character metabolites. 2MAA. 2MOHB. and TG were present in the urine. In the other child2they were'low even during ketoacidosis and following an isoleucine load. a vortex mixer, and centrifugation. Triethylamine (0.5 ml) was added to the combined ether extracts to prevent loss of volatile acids and the solution taken to dryness in a rotary evaporator. An aliquot of residue, dissolved in isopropanol together with the external standards (C22, CZ6, and nonadecanoic acid) was taken to dryness in a reaction vial prior to conversion to TMS derivatives (pyridine/BSTFA 1: 1 v/v). Aliquots were chromatographed on packed columns of OV 10 1 or OV 17 ( 10%) using temperature programming (70 to 3 15" at 8/min).
Appropriate samples were further examined by GS-MS (Lynes G, Queen Elizabeth Hospital, London). For these samples the extraction procedure was modified by using ethylacetate as well as ether (each 1 x 20 ml), and then continuing as above. The sensitivity was of the order 1 mg acid/g creatinine. Quantitation was by GC, confirmation of identity by GC-MS. Plasma 3-hydroxybutyrate was determined by the fluorimetric method of Lloyd et al. (10) .
Fibroblast cultures were maintained in Hams F10 containing 12% (v/v) fetal calf serum, penicillin, and streptomycin. Cells were harvested by trypsinization and washed twice in phosphatebuffered saline and stored as pellets at -80" C until assayed.
Extracts of cells were prepared by suspending the frozen and thawed pellets in 0.5 ml of 100 mM Tris sulfate pH 8.1 containing I mM dithiothreitol. The suspensions were sonicated (Kelly Sonibath) for 2 min at 0" C and Triton X-100 was added to a final concentration of 0.5% (w/v).
Homogenates were assayed for protein, for the mitochondrial marker citrate synthase, and for 3-ketoacyl-CoA thiolase activity as previously described (1). The 3-ketoacyl-CoA thiolase activity was determined with three different 3-ketoacyl-CoA substrates, all at 10 pM, in the presence of 50 mM potassium ions. In the case of 3-ketoacyl-CoA as substrate assays were also carried out in a K+-free medium to determine the stimulation by potassium ions. Succinyl CoA:acetoacetate CoA transferase (CoA transferase) was determined by observing the decrease in acetoacetylCoA concentration (40 pM in cell) at 303 nm after the addition of sodium succinate (50 mM in cell) to a 1.0 ml system containing homogenate 25 mM MgS04 and 100 mM Tris sulphate pH 8.1 at 30" C. The Em, under these conditions was 16.9 (2). Control (normal) cell homogenates were assayed concurrently and all determinations were made in duplicate.
CASE REPORT METHODS
Case I . A Caucasian girl, the first child of unrelated, healthy parents, thrived and made normal developmental progress until Urine (2 ml) plus internal standard (undecanedioic acid) was the age of 10 months. She then developed gastroenteritis and was acidified with 0.2 ml 12 M hydrochloric acid, saturated with treated with clear fluids. The following morning she was drowsy sodium chloride and then extracted with ether (2 X 20 ml) using with a poor peripheral circulation and marked tachypnea. She was hypoglycemic (blood glucose 0.6 mmol/liter) with a meta- riorated and became semicomatose and dehydrated. Her eyes deviated to the right with the signs of a left hemiplegia. The metabolic acidosis persisted with marked ketonuria and hypernatremia (plasma sodium 154 mmol/liter). Plasma ammonium was 27 wmol/liter. Clotting studies and examination of the cerebrospinal fluid were normal. After another 24 h of treatment with intravenous fluids and bicarbonate-based peritoneal dialysis, the acidosis and hypernatremia had been corrected. However, she remained hypotonic and unresponsive. Two days after admission she had a series of right-sided focal convulsions. Eight days after admission she had regained consciousness but was restless with choreoathetoid movements of her lips and arms. She had marked hypotonia of her trunks and limbs, reduced tendon jerks, and extensor plantar responses. By the age of 15 months, although she still had some truncal ataxia, she was taking one or two steps unaided, used at least two words with meaning, and had a mature grip in the right hand. Case 2. A Caucasian girl was well up to the age of 15 months. Following mild febrile illness she became progressively more drowsy with labored respirations. On admission she was comatose but responded to painful stimuli. She was hypoglycemic with a metabolic acidosis and marked ketonuria. Endotracheal intubation and mechanical ventilation were necessary for 5 days. She was treated with intravenous glucose and sodium bicarbonate and made complete recovery.
RESULTS

Urine organic acids.
During the acute illness case 1 showed only massive excretion of 3 hydroxybutyrate. In case 2 2MAA, 2MOHB, and TG also were present (Table I) .
A defect in ketone body utilization was suspected in case 1 and further investigations were done on this child once she had recovered from the acute illness and was reestablished on milk feeds. Response 1o.fasting. Two fasts were done lasting 14 and 18 h, respectively. During these fasts there was a rapid rise in plasma 3-hydroxybutyrate and a gradual fall in plasma glucose with no rise in blood lactate (Fig. 1) . Urine collected at the end of the longer fast contained a huge quantity of 3-hydroxybutyrate but only traces of 20HB and of the intermediates of the breakdown of isoleucine.
Loading lesls. Isoleucine (100 mglkg). The blood glucose and * None dctectcd by GC-MS (less than I mg/g creatinine).
t If prcscnt obscurcd by gross peak of 3-hydroxybutyrate.
3-hydroxybutyrate concentrations did not change during this test, which was done after a 6-h fast. No abnormal organic acids were detected in the urine collected after this load (Table 1) . Leucine (100 mglkg). Following the leucine there was a transient fall in glucose and a rise in 3-hydroxybutyrate (Fig. 2) . Urine organic acids before the load were normal but contained 3-hydroxybutyrate (55 mg/g creatinine) and 3-hydroxyisovaleric acid (162 mg/g creatinine) after the load.
Glucagon tesl. A standard glucagon stimulation test (4) was normal with a maximum rise in blood glucose of 3.5 mmol/liter.
Enzyme assays in cultured skin fibroblasts. The activity of 3-ketoacyl-CoA thiolase was determined using acetoacetyl-CoA (the substrate common to all the P-ketothiolases) in the presence and absence of K+ ions (Table 2 ). In the absence of Kf ions the activity was similar in the patient and the controls. However, in the presence of K+ there was 3-fold stimulation in the activity in control lines but no change in the patients' cells. This indicates that the K+ activated mitochondrial acetoacetyl thiolase is absent (2). This enzyme also uses 2-methylacetoacetyl-CoA as substrate [unlike all other 3-ketoacyl-CoA thiolase enzymes (I)] and with this substrate, no significant activity was found (within assay sensitivity limits of 30 pmol/min) in homogenates of patient 1 or 2. This thiolase assay was repeated at 40 p M 2-methylacetoacetyl CoA but no significant rate was detected at this higher concentration in cells of either patient. The other mitochondrial 3-ketoacyl-CoA thiolase (EC 2.3.1.16) is capable of using a wide range of straight-chain 3-ketoacyl-CoA substrates. Its activity was assayed using 3-ketohexanoyl-CoA and was normal ( Table 2) .
The mitochondrial matrix enzyme citrate synthase in fibroblast homogenates of the patient was within the range of values of the control lines (Table 2 ). In cells of patient 1 the activity of succinyl CoA:acetoacetate transferase was 69% of the mean value of normals which, although low, was not outside the reference
